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(57) Abstract 

A filter (30) useful in tubular organs of the human body, intended primarily for endovascular use during surgical proce 
dures for removal of plaque and other treatment of stenoses in aneries, in order to entrap panicles of plaque or other materials 
freed from the interior wall of an artery (30) while permitting continued flow of blood through the artery (30) durine the oroce. 
dure of treating the stenosis. Several fiiur elements (40, 42, 44. 46. 48, 50, 52, 54) a:, fastened in spaced-apart relationship with 
one another along a flexible elongate member and are large enough to require the entire flow of blood through the anerv to nass 
through the filter elements (40, 42, 44, 46. <50, 52, 54). An open-mouthed tubular stocking (60) of porous filler material en. 
^^L^Z"??* (4 °' 4X * 48 - 50 ' 52 - aad su PP° m * e P^phery of each filter element. Successive filter elements 
(40, 42, 44, 46, 48. 50, 5^ 54), progressing in the direction of bl jod flow, pass only progressively smaller particles. In a preferred 
embodiment, the mouth of the stocking (60) can be dosed to retain particles of material within the filter as it is withdrawn from 
the artery p0) after "repair of 2 stenosis. 
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ENDO VASCULAR FILTER AND METHOD FOR USE THEREOF 

TECHNICAL FIELD 
The present invention relates to filtration of 
fluid flow in tubular bodily organs, such as arterial and 
venous bloodstreams and the urinary tract, and particu- 
larly to a filter device for use during angioplasty and 
atherectomy procedures for relief of stenoses. 

BACKGROUND ART 
Occlusion of arteries by deposition of plague 
or by thrombosis ultimately results in lack of sufficient 
blood flow to tissues served by the occluded artery, and 
eventually may result in necrosis. Patency of the lumen 
of an artery may be restored by different procedures 
including angioplasty and atherectomy, but these proced- 
ures may dislodge pieces of plaque or blood clots large 
enough to cause dangerous occlusion of smaller downstream 
vessels. 

& It is important not to have pieces of material 

such. as plague or blood clots significantly larger than 
blood cells moving freely in circulation in the blood 
vessels because of the danger of such particles lodging 
in a location which would interrupt the blood circulation 
to critical tissues such as heart muscle, brain tissue, 
etc. 

Procedures in which foreign objects such as 
catheters are introduced into blood vessels may result in 
the formation of clots which might ultimately be released 
into the bloodstream. It is thus important in such 
procedures to prevent movement of dislodged blood clots 
or plaque and the like, and to capture and retrieve such 
pieces of material from within the blood vessel as a part 
of the completion of such procedures. 

Various devices are known for the purpose of 
cutting or abrading plaque material from the interior 
lining of arteries Their use has usually been 
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acc^p^ea by the need to prevent blood flow during the 

5 cT ! ! ^ trMted by «» *»-*». in order 

5 to retain pr.ces of plaqut £rMd £rM , ; 

However, balloon-tipped catheters do not always „tT 
satisfactorily to retrieve debris. ^ My ^J** 
Piecs of plague against an arterial wall, result^' ^ 

0 iTZ ldbeSi0n ^ ^ Se 

cattet r - idditl0nilly ' « ° f • balloon-tipped 
catheter is necessarily of United duration because of 
the resulting a* ox blood circulation to tissues 
normally fed by the artery on which the procedure is 
being performed. 

Various implantable filter devices ™ w, 
for use in 1 . . ~ ces are known 

o- use in large veins, to trap blood clots and thus 
prevent then fron being circulated into the heart 7, 
and other bodily tissues where bleed vessel blocLe 
could b. disabling or fatal. Such inplantable bS 
filter deuces, however, are not well adapted for use , 

^^h-trr-^^- 

D.s. Patent Ho. 4 494 S3 , „ , ' 4 '" 5 ' 908 ' Sianturco 

Patent Ho. 4 n « ',^** ta ' * al " D " s - 

«o. 4,619,246, Hetals g.s. Patent Ho 4 ess «•>, 
Palnaz D.s. patrat Ho. 4,793 34. „„ - , «, "8,533, 
Patent Ho. 4,632,055. 4 ' 7 "' 3 "' "* "^strent 

with renovaTof '^"f ^ *~ ~ in — 

cn reaoval of pl aque from_withi n -an-artery-is-d^i 3 

» ^oley et al.. U.S. p atent „ 0 . £ 
Process of withdrawing the device a^T^ 


release particles of plague into the bloodstream, and the 
device appears likely to allow flow of unfiltered blood 
when it is located in a portion of a blood vessel with an 
irregularly or asymmetrically shaped lumen. 

Clark, III, U.S. Patent No. 3,996,938 discloses 
a cylindrical mesh tube with its opposite ends attached 
respectively to a tube and a central wire within the 
tube, so that relative movement of the wire and tube 
results in radial expansion and longitudinal contraction 
of the mesh material. The mesh material acts as a filter 
in order to remove a blood clot from within a hlood 
vessel. 

Luther U.S. Patent No. 4,650,4 66 discloses a 
device somewhat similar to that shown in the Clark, III, 
patent but intended to be used for abrading plaque from 
an arterial wall and not to filter blood. 

What is needed, then, is a device able to 
prevent downstream transport of materials significantly 
larger than blood cells, as well as a method for its use 
to permit the flow of blood to continue during a pro- 
cedure, such as angioplasty or atherectomy to correct a 
stenotic condition in a blood vessel. Such a device 
preferably should be able to capture debris and permit 
retrieval of the debris without pieces of debris being 
released into the bloodstream, either during use or as a 
result of retrieval. Additionally, the device should be 
able to be configured small enough to pass a stenosis in 
an artery, yet be dependably expandable, to peripherally 
coapt completely with an irregular vessel wall, to fill 
the lumen of the artery at a location downstream from a 
stenosis, so that the entire bloodstream through the 
artery is filtered. Such a device also needs to be 
effective at a location where a branch diverts from the 
main stem of blood vessel at a location downstream of a 
stenosis being treated. 
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DISCLOSURE OF THE INVENTION 
The present invention answers the 
aforementioned need for a device for filterina * « 
bodily fluid such as Mood during cer^l^r 

vtsLT" T Sten ° SeS ^ tUtUlar ™ « - "ood 
vessels, and overcomes some of the aforementioned 

shortcomings of the previously known devices for filter 

bloodstreams by providing an endovascular filter 
device and a method for its use. The filter d~T 
> according to the present invention incl^Vm^ 

permit it to be controllably placed into a desired na- 
tion in a tubular organ such as an artery, 
support members insure effective am 

in either fluid «n effectlVe deployment of the filter 

eirjler fluid-flow or non-flow conditions • 
filter the ability to expand toward and take 2t T ^ 
an irregular surface of a tuhular wall ^e f^teT^ °* 
assembly provides single-stage or multi-s^l * ^ 
to minimize likelihood of the filJ. ^^ation 
Pegged by the material^ **** 

Several filter elements of the fii*»>. 
are spaced apart from one another and^Lf T 

upon a slender support member, ^ Tas a" ^ f ^ 
guide wire ^ a cat neter or 

en of the blood vessel whose flow of bl ood is t „ . 

teuax in the form of a fl^v«?Ki« ^ • 
surrounds all of the fil te . , fl «^le. thin sheet 

01 1:112 filter elements and 4<= <„4- 
nected with the periphery of each « lnte ~°n- 

M fl11 1116 entire lumen of the art*™ 
xng that all blood must flow throuoh ! ^' enSUr " 
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Occasionally, initiation of filter removal must 
be preceded by initial withdrawal of the filter assembly 
still in an extended condition so that the vessel walls 
between the stenosis repair site and the 1 cation of the 
5 filter during the procedure can be "swept" clean of any 
debris that might have pooled" or clung to that section. 

Mechanisms are provided in the filter apparatus 
both to close the entrance to the filter and to refurl 
the filter elements and tubular stocking, to capture and 
10 realign the loose flaps and reduce the diameter of the 
filter stocking for safe withdrawal through access site 
sheaths • 

In a preferred embodiment at least one 
drawstring is connected with the mouth of the stocking. 
15 In one embodiment of the device the drawstrings support 
the stocking, and through it support the filter elements 
to hold them generally transverse to the length of the 
artery. The drawstring or drawstrings are also useful to 
close the mouth of the stocking to retain trapped 
0 particles within the stocking during retrieval of the 
filter from its operative position within an artery. 

In a preferred embodiment of the invention the 
filter elements and stocking are selectively controllable 
and movable with respect to the slender flexible support 
5 member, between a furled, reduced-diameter configuration 
and the larger-diameter operative configuration. 

In a preferred embodiment of the invention the 
mouth of the stocking is selectively closeable to contain 
particles collected from the bloodstream during the 
> course of a procedure to correct a stenosis, so that 

those particles are retained during removal of the filter 
device from its position in the artery. 

In one embodiment of the invention several 
filter elements have different maximum pore sizes. The 
elements having larger pore sizes are located closer to 
the mouth of the stocking portion of the filter assembly, 
while the stocking itself and the filter elements further 
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froa the aouth of the stocking define « 

size, capable f st P ° reS ° f taller 

^ooj.e r st ppjuig any particles 

large to proceed ,„ * P are too 

system while per, lt ting the pLagHf M T^"^ 
1 through the fUter asseabiy. 9 " 

—*~ on which the f ilt er elenen£ , ! S " PPOrt 
-g. the mt« eleMnts to ^T™™™"- ~ « to 
blood vessel ta Bllicil tte ^ ™ flU f e of 

nevertheless pemittino th. , v * while 

t= he contracted S^TS T 
-oval of the filter t*L£ ^ ^ ""'^ «" 

- cause the ^Z?Z2^*l™rV aiU11 * 

In another embodiment of the 
-» he novahly M controllahly BounledTrh " 

s= Se- rrr — - - viM 

it selectively r^."^ *° 
■outh of * ~ ^- S^ 

> certain ^ C f stiffs so ^tte^" 
>"rgas the aouth of th. «. „■ tt ° drawstring 

radios. f St ° Ck1 "' ou t«rd toward a greater 

It is therefore an imoortan- n w ^ 
Present Invention to p ro vi d e a " *» 

particles of arterial <. • evlce £or catching 

other nateriaH^: InTnlo^' *~ d ^ « 
conduits. in , bloodstream or through other 

It is another obiect nf fk 
to provide a filter dev^aTcr 


materials which have been filtered from a stream of 
blood, so that the materials can be removed from a blood 
vessel with minimal danger of being released into the 
stream of blood during the procedure of removing the 
filter device from the blood vessels. 

An important feature of the present invention 
is that it provides for filtration through filter media 
with successive stages having progressively smaller maxi- 
mum pore sizes, in order to prevent early stoppage of the 
filter media. 

A further important feature of the filter 
catheter of the present invention is the ability to 
"sweep" the walls of the vessel while still open to 
capture pooled or clinging debris where fluid flow is 
inadequate or non-existent. 

Another important feature of the present 
invention is the provision of a drawstring closure to 
enclose pieces of material which have been filtered from 
the flow of blood. 

The foregoing and other objectives, features, 
and advantages of the invention will be more readily 
understood upon consideration of the following detailed 
description of the invention, taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of an endovascular 
filter device embodying the present invention, together 
with a catheter atherotome with which the filter device 
is useful. 

FIG. 2 is a sectional view of a portion of an 
artery in which the endovascular filter device shown in 
FIG. 1 is in use. 

FIG. 3 is a view showing one filter element and 
supporting flexible ribs, taken along line 3-3 of FIG'. 2. 

FIG. 4 is a partially cut-away view of the 
filter element shown in FIG. 3 . 
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Cllte s " 3 detail VieW ° f tte Avascular 

filter device shown in FIG. lf at „ enlarged ^ 

showing the relationship of the drawstring to the guide 
wire supporting the filter. 

«. , FIG * 6 iS 3 section al view of the portion of 
the endovascular filter dev-i ~u . ■ 

along line 6-6. ^ " 5 ' taken 

, , «. PI °* 7 iS a section al view, taken along line 
7-7 of the filter device shown in FIG. 1. 

XU «,* FIG * 8 15 3 Sectional view. of the endovascular 

filter and portion of an artexy shown in fig. 2 , 
filter assembly in its furled configuration follow^ Tsl 
and in preparation for withdrawal. * 

L5 MrtlQn / IG * 9 ±S 3 Partiall y cutaway view of a 
portion of an artery including a stenosis, with an 

ZZ S T T f±lter t0 invention helg 

Passed through the stenosis in a furled configuration. 

10 is a sectional view of the portion «- 
an artery and the endovascular filter shJm « ^ 
with th a . "Ater shown in FIG. 9, 

with the falter in use, located downstream fro* the 
stenosis, while the catheter a r>™+. 

... ca-cnerer atherotome shown in FIG l 

is being used to treat the stenosis. 

FIG. li is a sectional view of • 

vascular filter in a refurled configuration . and being 
Withdrawn mrough the repaired stenosis. 

FIG. 12 is a sectional view of the filter 
assembly shown in Pic n * ruter 
Jf own in FIG. li, taken along line 12-12 

30 « -.4 FIG " 13 iS d Vi6W at an enlarged scale of a 

30 portion of an alternative embodiment of the ^n! / 

according to the invention. deV±Ce 

filt^ j FIG * " iS 3 partiall y cut-away view of the 
filter device shown in FIG. 13 in ■!+■ 

35 filter assembl y. *™*°re for urging open ae 

viev of a lit 15 / S . a Partially cut-away. 


arranged for introduction into a tubular organ in a 
direction opposite the normal direction of fluid flow 
therein. 

FIG* 16 is a view of an opener useful for 
5 urging outward the ribs of a filter spreader element. 

FIG. 17 is a view "of the opener shown in FIG. 

16, together with a portion of a filter element spreader, 
with the spreader in a position for urging the filter 
element toward a reduced-diameter, or closed, 

10 configuration. 

FIG. 18 is a fragmentary detail view of the 
opener and portion of a spreader element shown in FIG. 

17, with the opener moved to a position in which it urges 
the rib of the spreader element toward an outwardly 

15 expanded, or open configuration. 

FIG. 19 is a side elevational view of a filter 
device which is another embodiment of the present 
invention. 

FIG. 20 is a partially cut-away side view of a 
proximal end portion of a two-stage guide wire including 
a locking mechanism and intended particularly for use in 
carrying a filter device according to the present 
invention. 

FIG. 21 is a view taken in the direction 
indicated by the line 21-21 of FIG. 20 showing the 
angular position locking aspect of the mechanism shown in 
FIG. 20. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Referring now to the drawings, in FIG. 1 a 
filter device 10 embodying the present invention is shown 
together with a catheter atherotome 12 which includes a 
plurality of sharp-edged cutter blades 14 carried 
adjustably on a catheter assembly 16 including an outer 
tube 18 and an inner tube 20. The catheter atherotome 
may be similar to that disclosed in pending U.S. patent 
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applicati n Serial Ho. 07/395 soo .(i.„ , 

Toe toner tub. 2 o ^ iC« ^ " 89 - 

branch artery 32 extends fro ffl the artery 30 and is 
The filter assembly 24 is carried on an 

uurougn rortuous passages in bodily oro*n e 
tap portion 38 of the guide wire 36 i, » A 
20 ible and can negotiate^ J or L all ^ ^ fleX " 
^an the remainder of the galdT^,^™ "~ 
- guide wires. Uso, the^ wi re aav" T ^ 
equipped with a ^tip ( not shown) U £ J^J^T 2 
negotiation of curves or branches of T * selec t:Lve 
25 which the filter device 10 ^ 7 VeSS6lS lnt ° 

The guide wire 36 Z£ \ J? Produced for use. 

suiae wire 36 extends through the lumen 22 of 
inner tube 20 of th» *. z of the 

FIG. 1. *"* °" ttat « r itot « 12- as shom to 

As shown best in FIG ? 
30 toolua.3 . ight ^ ^ a I 0 d t O, 4 r 

«- «, 50, 52, Md 54 of flM-tol. „„■ , ' 
<««.rent nu^r o f fiater ^T"* 3 

plaque and oth*>. ^ . p lcXes of 


«i 1 *~ ne S12e of particle* 

plague and other debris „ a ^ ^ Wes of 

to be caDtured bv the -p-m*. 
The filter elements' are fixedlv l^t 7. ' 

nxeaiy attached to a reduced 
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diameter portion 56 of the el ngate support member 36 and 
extend radially outvardly from the reduced diameter 
portion 56 in a generally circular, conical or arcuately 
curved configuration with each filter element disposed 
generally transverse to the reduced diameter portion 56. 
Each of the filter elements includes a respective 
peripheral portion 58 (FIG. 4), which is securely and 
tightly fastened , as by an adhesive or thermal weld, to 
the interior of a tubular stocking 60 of flexible filter 
material, which extends concentrically along the reduced 
diameter portion 56 , defining a mouth 62 (FIG.. 1), . which 
opens generally toward the proximal end 39. 

Referring now also to FIGS. 3 and 4, the filter 
element 54, which is representative of all of the filter 
elements, is shown at an enlarged scale. Each of the 
several filter elements 42, 44, 46 , 48, 50, 52, and 54 is 
preferably made of a porous membranous material. To the 
extent possible, each filter element has pores of sub- 
stantially uniform size, but each filter element is of a 
filter material having a different pore size. The pore 
size of the filter element 40. is smallest, and each 
successively more proximally located one of the filter 
elements has larger pores, thus permitting passage of 
larger particles of material through the filter element 
54 than through the filter element 52. The "maximum size 
of particles able to pass through each of the successive 
filter elements thus is progressively smaller in each 
successive filter element in the direction in which blood 
must flow through the filter assembly 24, as is shown in 
Table I below. 

TABLE I 


Filter Element 
(Reference Numeral) 

Maximum opening 
size (microns) 


40 

42 

44 

46 

48 

50 

52 

54 

60 

20 

30 

40 

50 

60 

70 

80 

100 

20 


12 


:o 


5 


«. T3ile 1 At ^ be Seen pores of 

the liter element 40, which has the smallest P rT siz l 
are large enough to permit passage of particles vhicHre 
~t larger than blood cells, hut are too smallto 
5 permit passage of particles likely to become lodged 
dangerously in blood vessels. 

nartjr1 f 0rder t0 prevent P^ge of dangerous 
Prides fro* within the filter device 10 into, for 
example, a branch artery such as the branch 32, the 
> stocking 60 is also forced of filter material w«l <-„ 
same pore size riaJ - having the 

pore size as the filter element 40. 

The filter elements 40, 42 44 z« „„ „ 
- -4, a,d the stocking 60 may be f m^erL ^ V' ' 
Porous layer of a polyester ^ ^ "* " * 

manufactured to provide the desired pore sizes'and wi«, 
sufficient strength to resist the ^ 
of the «i* 1St the S ^esses of insertion 

or tiie filter assemblv 24 t?Tr n • , " 
... „- ««oxy 24 (FIG. i) , into the artery 30 

and subsequent withdrawal therefrom. At least «„ ! 
preferably each filter el^r,*- . and 
SDread6? . \ luer eleaent ^y be- accompanied by a 

spreader element 64 which includes a plurality (six hi 
shown, of radially extending ribs 66 and a central hu^ * 
Portion 68 attached to the reduced diameter p^on ^ 
adjacent the central portion of the filter element 54 on 
the upstream (proximal) side of the filter element 54 

As will be understood more fully subseouentiv 
it is amportant that the radial ribs 66 be flexIblT 

^TtoV^ ^ 60 - ^-r eleml ! s 

42-54 to be folded and furled in^ =» 
ennf . . . iJriea into a reduced-diameter 

configuration as shown in ftc q «»«er 

reduced-diameter poTloTsl I li TOOUa ^ 
member 36 aHh elongate flexible 

ember 36. At the same time the radial ribs 66 must be 
resilient enough to provide force to soread the 

:zr a 7th? ter eieaents — «- - -e biood 

vessel at the appropriate time, spreader elements 64 can 


be fabric ated by mo ^,- mea ger elements 64 c 

^catea-by-mo-i-caing-appropr-ia-te^ iastic mate^-i 

such as polyethylene. materials, 
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In order to close the mouth 62 of the stocking 
60 when desired, a drawstring 76 is attached to the 
marginal portion 78 defining the mouth 62 of the stocking 
60, as by 1 ops 77, as shown in FIG. 7, f r example. The 
drawstring 76 extends about the entire circumference of 
the mouth 62, with an end 79 of the drawstring being 
attached to the stocking 60 as at 81. Thence, the draw- 
string 76 continues radially inwardly, extending spirally 
about the reduced diameter portion 56 and through into an 
opening 80 defined in a collar fitting 82 defining the 
proximal end of the reduced diameter portion 56 , and into 
a lumen 83 defined within the guide wire 36. As a 
result, when the drawstring 76 is pulled in the direction 
indicated by the arrow 84 shown in FIG. 5, the marginal 
portion 78 of the stocking 60 is drawn radially inwardly 
and spirally along the reduced diameter portion 56 toward 
the proximal end 39. This both reduces the opening 
provided by the mouth 62 and twists the entire stocking 
60, as well as the respective filter elements, progres- 
sively about the reduced diameter portion 56, to achieve 
the configuration shown in FIG. 8, resembling an umb rella 
folded and furled about its handle. 

The drawstring 76 extends through the lumen 83 
defined in the guide wire 36 to the proximal end 39 and 
may selectively be moved longitudinally with respect to 
the outer portion of the guide wire 36 to control the 
distension or closing of the stocking 60 and filter 
elements 54, 52, etc. of the filter device 10. 

In the embodiment of the filter device 10 shown 
in FIGS. 1-12 the drawstring 76 is of a resiliently 
flexible material having abrasion resistance and high 
tensile strength, for example wire, which has some 
inherent stiffness and tendency to become straight and 
thus open the mouth 62 when the drawstring 76 is pushed 
or when tension in it is relieved. This is intended to 
avoid the possibility of the marginal portion 78 of the 
stocking 60 folding inward against the reduced diameter 
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25 


30 


35 


portion 56 of the guide wire and closino „« «. 
or diverting the flow of bi 00 * Slng ° ff toe aout * «2 

-rough, the m * «"» 
string 76 is i.ten.ed to pLenT^out I 2 TaT 
5 open configuration to completelv fill «. T 

elements to be filled with blood 

the filter elements 54 52 e J V ThUS ' ° nce 

particles of plaque witilB tt . stQc "* = ont »" 

the mter elements 40, 42, 44, etc ^ ° £ 

«- - ^ - 

into the coronary artery is obtL ^ 

h?Lir r^r,:^ ~-^r*- 

assembly 24 a mo J st °<*mg 60 of the filter 

a j a more approDriat-** ua , f 4. 

filter elements In en »*aag. tte 

-Mraual, is to orienTthT^™^ T" 

^»t' 3 :-; - -tent, 

yuiae Vires 36 and maJcina rh* *-*r>„~ ^ ^. 

Portion 56 a movable core, aT^o™ , * 

FIG. 15 and described below " S1 ™ ed **» - 


2? 


the ,is J en/ , lat ? 15 — * inserts 

into en ertery such es the artery so 
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through an opening 92 formed for the purpose, preferably 
percutaneously. The stocking 60 and filter elements 40, 
42 etc. are furled tightly to the configuration shown in 
FIG. 9, so that the filter assembly 24 has a reduced 
5 diameter, and the guide wire 36 is utilized to push the 
filter assembly 24 through the artery 90 to the location 
of a stenosis 94 where an atherectomy procedure is to be 
performed. Led by the flexible tip 38, the filter 
assembly 24 is pushed through the stenosis 94 as indi- 
10 cated by the arrow 96 in FIG. 9, to a location a distance 
downstream from the stenosis 94, as shown in FIG. 10. 
The location of the filter assembly 24 at any particular 
time may be monitored by conventional means which need 
not be described here. 
15 When the filter assembly 24 has been placed 

sufficiently far beyond the stenosis 94, the stocking 60 
and filter elements 42, 44, etc. are deployed to fill the 
lumen of the artery 90 by relieving the tension in the 
drawstring 76, permitting it to move distally with 
respect to the guide wire 36. The mouth 62 is then 
opened as a result of the resiliency of the drawstring 76 
as it slides through the loops 77, located along the 
marginal portion 78, attempting to increase the radius of 
curvature of the drawstring 76. Additionally, in a 
preferred embodiment of the filter assembly "the resilient 
outwardly urgent bias of the radial ribs 66 of the 
spreader elements 64 helps to open each filter element 
40, 42, etc., having an associated spreader element 64. 
Once the mouth 62 has opened appreciably the flow of 
blood into the interior of the stocking 60 may also aid 
in opening the filter assembly 24 into position to 
prevent material from flowing downstream beyond the 
filter assembly 24 except for having first passed through 
each of the filter elements. 

Once the filter device 10 has been deployed to 
the condition shown in FIGS. 2 and 11, the proximal end 
39 is threaded through the catheter atherotome 12 so that 
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the atherotome can be inserted into *k *. 

a portion of the filter , A lcn f "as 

5 removed from u,. ^t^,. » «» 98 M l °° 

carried along with the rlov J £^7^ * 
the arrow 34 in-f-o 44,. direction of 

34 into the interior of the filt-^ a 
Piece, of plagaa , meh „ t ^£^,~» b "" 
entrapped in the filter elements haviL , 
0 such as the filter elements Ti ll \^ 

such as the particles loo are JJt " particl « 

cpenimgs defined by the element 54 tj T'sl 
t«PPed by subsequent filter !, . ' *" lat « 

element « or ^TL"* " ^ 

' «* able to pas, through the ZtiT, f "* ~ U " : ' 
imcluding the stocMng V once tH assembly 24, 

" bas aatisfactorily^rge™ TtZ " 
!» the location of the steno'sist it H "thT '° 
the guide wire 36 of the filter device io^f^ 

filter device lo renins deoloyed IT J ' 

10. cePioyed as snown ln pjeg. 2 ^ 

to remove Z "re^erTthTaSroT " ^ * 
times before the -t^JT^^. "J" " 
corrected, and so the filter d^o t^f^f 
xor that eventuality „. ~=- uu in Place 

- -en removed ^1^^^ " 
there no longer is a liVoi . ^ ' so ttat 

P-c. of p^ ^ ^JH^^ « > 
tte artery 90 , the drawstring 76 is tiobt ^T^"" 
the mouth 62 of ... „• tightened, closing 

storing 60 and £ s^ mV" <" ~ 

«, 50, 52 and ITT MentS 42 < 

mter ass mb ; 2 Tto ^ ° *" 1M «* ^ 

^■f-the-1 Jen "» ^ 

8 Md „ „ " OT 30, as shown in 


PIGS. s M d 11 jk, ~ 7 " " Shown 

eber and -1*4.^^2^ " «~ 

»outh 62 held closed by the drawstrings 
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76 , retains the pieces of material such as the pieces 98 
and 100 of plaque which had been cut free from the inte- 
rior of the arterial vail, vhile the filter assembly 24 
is then removed as indicated by the arrow 104 in FIG, 11. 
5 Because the lumen of the artery 90 has been enlarged 

within the stenosis 94 , the filter assembly 24, even with 
a somewhat greater diameter than that of its original 
furled configuration as shown in FIG. 9, can pass outward 
through the artery 90 to be removed through the opening 
10 92 by which it was introduced into the artery 90. 

At times during a procedure including the use 
of the filter device 10, the flow of blood through the 
artery being treated may be monitored, as by the use of a 
stethoscope, by blood pressure measurements, or other 
15 non-invasive techniques appropriate to the particular 
artery concerned. 

Although it is preferred to treat the filter 
device 10 or the patient, or both, with an appropriate 
chemical compound such as heparin or streptokinase, to 
prevent undesired clotting of blood within the filter 
device 10, it will be recognized that clotting may occur 
in the filter device 10, and that it may be necessary to 
withdraw the catheter atherotome 12 and subsequently the 
filter device 10, in response to observed loss of blood 
flow downstream of the filter device 10 subsequent to the 
beginning of an atherectomy procedure. Ordinarily, 
however, it should be possible to observe the increase in 
flow of blood to tissue downstream of the filter 10 as 
use of the catheter atherotome improves the patency of 
the artery 90. 

Referring to FIGS. 13 and 14, an alternative 
embodiment of the invention includes a filter assembly 
110 associated with a guide wire 112 including an outer 
tube 114 with an end fitting 116, with a plurality (such 
as 6, for example) of flexible tension supports 118 
extending from the end fitting 116 to a mouth 120 of a 
stocking 122 otherwise similar to the stocking 60. A 
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core, or center vire member 124 whose dimeter is smai, 
tnan that of the outer tube 114 suonort. , * 

elements as in tha supports several filter 

cements as in the filter assembly 24 shown in figs 1-4 
and a guide wire -Mr* n-** ^ *±w>. 1-4, 

suiae ware tip 126 extends beyond the distal end 
the stocking 122 Th« • rai end of 

y T be tension supports 11a - 

both to the end fittina and ^ <-k connected 
stocking 122. ^ a ° Uth 116 ° f tte 


Referring now particularly to FIG. i 4/ the 

T — «^ ^ r^ic^r: 

construction to the filter' , ! ■ »MU«r in 

15 an n * • f ^ter element 54, shown in figs 3 

, n s P«=rave filter elements outwardly toward r>, a 

*upporti*g U8 is Ml ree^t ° T 

relative novenent of , » . res «t of the 

"0 o f the stoca,, la^ote £ S~ ^ ^ 

clotted blood, and the h'v a v ^ H e ' 

• - laJce which may be freed «fy-™. o-u 

interior vail 0? kt ^ xreea fro * the 

prooe^e JLTp^T V " Sel - 3 " «- 

— — - a ^r^rir rr^r 

« - a catheter atheroto^, tte cent «^ 4 ^ 

withdrawn proximally with respect * k _ 

« indicate* h y th. arrow 130 It , "*** *"*• 

S - a *' itA *^ ^lt^ 

supports 11a »« *. • Iax the tension 

ffor^s us, as shown in FIG. 14. 
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Upon completion of the procedure and after 
removal of a catheter atherotome or other device used 
within a blood vessel upstream from the filter apparatus 
110/ the filter apparatus 110 can be prepared for removal 
5 by again moving the center wire 124 distally as indicated 
by the arrow 128 in FIG. 13 , while preferably also 
rotating the center wire 128 with respect to the outer 
tube 114 to twist the stocking 122 and the flexible 
tension support members 118 into a helical , furled 
10 configuration resulting in a minimum diameter of the 
furled stocking 122, together with materials trapped 
within the filter device 110 during its withdrawal from 
the blood vessel where it has been used. 

With the center wire 124 extending distally 
15 relative to the outer tube 114 as indicated by the arrow 
128 in FIG. 13, the filter stocking 122 is held inward 
alongside the center wire 124. Preferably, the center 
wire 124 is also rotated with respect to the outer tube 
114/ so that the flexible tension supports 118 pull the 
stocking 122 into a helical, furled configuration fitting 
tightly about the center wire 124, as shown in FIG. 13, 
to provide a slender configuration of the filter assembly 
110 to aid in insertion through a blood vessel. 

As shown in FIG. 15, a suitable filter device 
150 according to the invention may also be made for 
insertion into a vessel such as an artery from a location 
downstream from a location where a procedure to be 
performed might result in dislodgment of particles of 
material which should not be permitted to escape into the 
flow of blood and potentially be carried to locations 
where the particles might harmfully obstruct smaller 
branches of the vessel. The filter device 150 as shown 
in FIG. 15, includes a flexible tip 152 on a core or 
center wire 154 which is movable relative to an outer 
sheath member 156 to which is attached a filter material 
stocking 158 similar to the stockings 60 and 122. Also 
attached to the outer sheath 156, within the stocking 
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158, are a plurality of filter elements iso i« 

166, and 168 similar to th- tS 160 ' 162 ' lfi 4, 

end closest to the flexible tip !5 2 or toe cancer 'wire 
core 154, toward toe closed end 170 „, Z 1 " 
vMco is attached to the o»t« ^to J. Tf^J"' 

=Pen end o* the stocking 15S, near its nouth IT « 
«£nds to to. covaol. center wire l 54 portion or £ 

15 mouth 174 of «L * w ° Uter Sheath 156 ^ 

from a flow of blood or * ! Separated 

20 which the filter is used. ^ VeSSel in 

FIG. is shows an opener iso useful for- . 
open the mouth of a fin-o,- • useful for forcing 

resiliently inwardly, tendina t„ * 

y ' tena:ui 9 to carry the filter 
elements supported by such a spreader element ! 
closed configuration such as tL I- * 

e configuration nf 
filter assembly no as shown in FIG i, ^ 

0 defines angled notches 182^1 in" i < *~ t 18 ° 

^ . equal in number to , 

of radial ribs 184 (see FIGS. i 7/ 18) of J° * ***** 

spreader element 186 alW Particular 
eDC - La6 * allowing each rib tra +~ 

to a central core portion of the Cl ° se 
is intended for the mter asst\f aSSMbly Vhe " " 

asserMv to ^. , Md t0 open 1116 «"er 


— Iv to occop, the l me n o £ i 0100*^ ^ 
epener 130 is noved toward toe spreader ele^r it, as 
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to the position shown in FIG. 18 , in which the respective 
ribs 184 are urged outwardly by the opener 180 as a 
result of relative movement of the inner core member and 
the pener 180. This can be accomplished, for example, 
if the opener 180 is located in the position of the end 
fitting 116 of the filter assembly 110, in order to open 
a mouth portion of a filter stocking such as the filter 
stocking 122. 

As may be seen in FIG. 19, a filter assembly 
190 which is another embodiment of the invention includes 
a tubular stocking 192 having a closed distal end 194 
attached to a flexible tip 196 of a two stage guide wire, 
but is without the additional filter elements used in the 
filter assembly as shown in FIGS. 2 and 14. An openable 
and closeable mouth 198 is attached to an end fitting 200 
by tension-bearing closure members such as drawstrings 
202 and is attached to the outer member 204 of the guide 
wire, whose smaller-diameter inner member 206 extends 
longitudinally through the interior of the stocking 192 
to the guide wire tip 196. Preferably, there is a 
spreader element 208 similar to the spreader element 186, 
and the end fitting 200 includes the features of the 
opener 180 described hereinabove. 

Referring now also to FIGS. 20 and 21, the 
proximal end portion of the guide wire of a " filter 
assembly such as the filter assembly 190 may include a 
multi-position detent combination. In such a detent 
combination, the inner, or core portion 206 of the two- 
stage guide wire carries thereon a suitable number of 
radially outwardly extending annular detent collars 210 
at predetermined positions along the length of the core 
member 206 at the proximal end of the guide wire. 

The outer member 204 of the guide wire defines 
a lumen 212 whose size is sufficient to receive the 
detent collars slidably therein. A pair of inwardly 
protruding resilient locking rings 214 are located within 
the lumen 212, close enough to each other to receive and 
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snugly one OI tta aetM>t _ 

pair of locking rings 214. Between ^ 

core 206 elf^," ^ 2 " e * tendS "° n9 4 portion <* the 
5 ProxlMliy from each of the detent 

through fj T£££?Z longitudinally 
-Parated locatioj abo!t tne 

s at 22 2, between one of the rihe 

next one of the locking rings 214 T *** 

15 direction along the core It ' * Pr ° Xiaal 

be rotated within LT \ tt * COre 206 to 

wirnin the outer neaber 2oa u>> a ~ , , 

detent collars 31n „ hen a11 of the 

hereon ^T^TZt tlT ' ^ 

» :r in jr rjrr^ttLtnrjr - 

associated filter assembly at the OTm 

— *» • — * ^ - = z r^jsr *- 

depending on which of the detent m „ Pos ltl on, 
between the locking rings 2lTa»d t 
5 twisting of the f lit." ! I ' ° PreVK,1: or «"« 

^1 or dep^ thTf^rr fUter — to 
of the angular* s eparatd 2 iTTTV™ 

the respective rlh 21 6 associate^" a part T 
of the detent collars 210. Particular one 

-ployed J^^LTS^r* haVS ^ 
- terns of description L ^t ^tati ^ ^ 
is no intention in the use of sol ' 1 "" atl ° n < there 
of excluding eguivalents of 4e tenures T 

jMcrihed_or-port-ions-thereof-i ^!r ~ 

the scope of the i™.^.!"" l !. b *"' g «=ognized that 


^ scope of the invention U ^^JTT^ °* 
the clains which follow. llmlted ° nl y ^ 
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WHAT TS CIAIMED IS : 

1. An endovascular filter device, comprising: 

(a) a slender flexible elongate support member 
5 having a proximal end and a distal end 

adapted for insertion into and along the 
interior of a blood vessel; and 

(b) a filter assembly including: 

(i) plurality of flexible filter 

.0 elements attached to a portion of 

said elongate member and spaced 
apart from one another therealong 
adjacent said distal end; 

(ii) a flexible tubular porous stocking 

5 surrounding said filter elements and 

interconnected with each of them, 
said stocking having a mouth 
directed generally toward said 
proximal end of said elongate 
member; and 

(iii) means for supporting said tubular 
stocking with said mouth open to 
receive a flow of blood and. with 
said filter elements in a flow- 
receiving and filtering position 
within said blood vessel. 

2. The device of claim 1, including means 
associated with said stocking for selectively closing 
said mouth. 

3. The filter device of claim 1 wherein each 
of said filter elements extends radially about said 
elongate support member and is attached thereto so as not 
to be movable longitudinally therealong, each of said 
filter elements having a periphery and said periphery of 
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each or said filter el 

with said stocking. e=ient:S be±ng ti5ht ^ ^connected 

The device o* ~i -. - 
5 el — ts - each of fl ^ e C ^ -id filter 

Passage of particles larger 1- ^ prev ^in g 

*«e, the ^ 5i2e J~ 3 ^eteznained aaxinun 

respective ones of " d ^ el ^ *° PaSS «~* 
-id distal end of said fl^ le ClOS ~ to 

" seller than the heing 

^ough respective ones of sai d f LT S "** *° P * SS 
further fro* sa l d distal LT t loca *ed 
meaner. ^ of flexible elongate 

5 * «. 

5 - The device n-p ~i • 

Peking is of . filte "' °f CUM 1 said 

p— ^ - pa«i ClM Z T°t?T ly 

Predetermined size, ^rger than a 

6. The device of clH» i ^ 
for selectively closing said ^ — ~ 

attached to said stocfcLg ^ ^ 3 
elongate f lexlbl e ^ 
end thereof. er awa r f«* said distal 

7 « The device of • 
elongate flexiii. sutmo«- 1 wherei " Mid 

Portion vfcich d^JT^TT 3 Pr ° XiM1 

— -M Pro xtaal moutt « "id sto=*i ng 

Mid » oat h OI Mia sto "Wort Be^er fro* 

"lectively to draw saiH! v- ° Peni " 9 ' *° <~ 
configuration "ocfang into , f 
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8. The device of claim 1 including a 
plurality of drawstrings arranged for coordinated 
application of tension thereto for drawing said stocking 
and said filter elements into a furled configuration. 

9. The device of claim 1 wherein said 
elongate flexible support member is a guide wire and 
includes a flexible tip portion extending distally beyond 
all of said filter elements. 

10. The device of claim 9 wherein said guide 
wire has a reduced diameter portion to which said filter 
elements are attached, said tip portion being larger in 
diameter than reduced diameter portion. 

11. The device of claim 1 wherein at least one 
of said plurality of filter elements is generally 
conical . 

12. The device of claim 1 including a set of 
flexible resilient ribs extending radially from said 
flexible elongate support member adjacent one of said 
filter elements so as to urge said filter element toward 
a radially extended configuration. 

13. The device of claim 12 wherein said 
elongate support member includes first and second parts , 
and at least one tension support extending between and 
being interconnected with both the mouth of said stocking 
and said first part of said elongate support member, and 
said stocking having a distal end attached to said second 
part of said elongate support member, said second part 
being movable, between a first position, in which said 
tension support is sufficiently slackened to allow said 
resilient ribs to move a respective one of said filter 
elements toward said radially extending configuration, 
and a second position, in which said stocking and said 


*— - .xr^ raaiaiiy i — 

' Part o f sail'eio^r 1 " °* ^ " " he " ln «»t 
■uig a lumen and said second part themr < 
longitudinal* and rotatably ..ovaolTJlT 3 
between said first *„„ * ■""M* wxthu, said lunen 
10 " rst miS se==nd positions. 

15- in endovascular filter device, conprisino- 

(a) » xl^inxe elongate support ^er 
Wmg a distal end adapted for insertion 
mto and along the interior of a bio* 
vessel; and 

(b) a filter asseably, including 

CD a flexible tubular porous stocking 
surrounding a portion of said 
20 elongate support aeaber prolate 

said distal end and having a closed 
end attached to said elongate 
support aeaher and a aouth directed 
generally toward said proxiaai end 

, iL) ° f Sald el ° n?ate SU PP°*: *eaber; and 
CH) ^ans for- supporting said tubular 

Porous stocking with said aouth open 
to receive a flow of blood in a 
flow-receiving and filtering 
30 Position within said blood vessel. 

16. The filter device of , 
elongate support menber is a ^s t ao. " 
-eluding a tubular outer j£ de^Ta \ 
»n« core nember disposed witbL M " M 

^g interconnected witn said outer 121 ^ 
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17. The device f claim 16, including detent 
means for retaining said inner core vire in a desired 
location with respect t said outer member. 


18. A method of relieving a stenosis in an 
artery, comprising: 

(a) providing an endovascular filter device 
including a plurality of flexible filter 
elements attached to an elongate flexible 
guide vire and surrounded by a tubular 
stocking of flexible filter medium 
attached to said filter elements; 

(b) forming an opening in an artery in a 
location proximal of a stenosis and 
inserting said guide wire into said artery 
through said opening, with said filter 
elements and said stocking in a furled 
configuration ; 

(c) extending said filter device into said 
artery until said filter elements and 
stocking have passed through and a 
predetermined distance beyond a stenotic 
portion of said artery; 

(d) thereafter unfurling said stocking and 
filter elements so as to deploy said 
filter elements across the interior of 
said artery; 

(e) thereafter enlarging the lumen of said 
artery by freeing pieces of material from 
the stenotic portion of said artery; and 

(f) entrapping said pieces of material thus 
freed from said stenotic portion within 
said stocking. 


19. The method of claim 18, including the 
further steps of closing said stocking so as to retain 
said pieces of material within said stocking, and 


reducing tb. diameter of said stocking to . rLL 
diameter by twisting said stocking s * J^f . 
P~« to rem ovi n, said mt „ dav * ce tro V^ d ^" 

said moutb tigbtiy cX^^f^tlTr 3 

said stocking. ld step of dosing 

tether sten'o-T °* «« 

said biooa p ™« -~ - 

stenotic portion"^ "" erU1 «" 

, fu „ P»«"n of said artery, and vithdrawino 
filter device from wlthln sala arterv i„ ,- 
oredetpmi« fi ^ ^ axuery in response to a 

..redetermined decrease in blood Dre»*„™. * 

a Pressure downstream. 

location of said stenosis in a * , ^ tOWard the 

a-er performing said"^ IT^t^-^ 

so as to sweep said pieces B r ^ * Serial, 

Verier surface of £TL£ T ^ ^ " 

24. An endovascular filter device CoiTm ^- . 

(a) a slender flexible elonJT COOPriSln * : 
. exioxe elongate support member 

having a proximal end and a distal end 
adapted for insertion into and along the 
interaor of a blood vessel; and 
(*>) a filter assembly including: 

(i) Plurality of flexible fii ter 


--j. — a iMlflie niter 
elements attached to a portion of 
said elongate member and spaced 
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apart from one an ther therealong 

adjacent said distal end; 
(ii) a flexible tubular porous stocking 

surrounding said filter elements and 

interconnected with each of them, 
said stocking having a mouth 
directed generally toward said 
distal end of said elongate member; 
and 

(iii) means for supporting said tubular 
stocking with said mouth open to 
receive a flow of blood and with 
said filter elements in a flow- 
receiving and filtering position 
within said blood vessel. 
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25, The device of claim 24, including means 
associated with said stocking for selectively closing 
said mouth. 


26. The filter device of claim 24 wherein each 
of said filter elements extends radially about said 
elongate support member and is attached thereto so as not 
to be movable longitudinally therealong, each of said 
25 filter elements having a periphery and said periphery of 
each of said filter elements being tightly interconnected 
with said stocking. 


27. The device of claim 24 wherein said filter 
elements are each of flexible filter material preventing 
passage of particles larger than a predetermined maximum - 
size, the maximum size of particles able to pass through 
respective ones of said filter elements located closer to 
said distal end of said flexible elongate member being 
greater than the maximum size of particles able to pass 
through respective ones of said filter elements located 


further from said distal end of sai d fll]dM 1 
aeaber. flexible elongate 

28. The device of clai« o>i ^ 

p Msag . of partloles „ hich ™ ting 
predetermined size. 
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* -t-Lexxbie support member tou^^ • ^ 
thereof. toward said distal end 


30. The device of claS™ • , 
Plurality « toKstrillgs J£^£ a 

appiioation o f tension tn^o, ^"1™ 
includes a flexible ^. 5 6 Wlre an * 

-i of -u^^Lsr- exiendi ° 9 <^ — 

r Luie™: 1^ " • ~* o £ 

™. e lmg «e S ;:: rt ^r::™ y frM said 

mter elements so as to uro7 ! °" e 01 Said 

. — * -e nae /: 0 : £ o i ^: tl s : n ia mter eieMnt *— 


34. A meth d of relieving a stenosis in a 
blood vessel , comprising: 

(a) providing an endovascular filter device 
including a tubular stocking of a flexible 
filter medium attached to and surrounding 
a portion of an elongate flexible guide 
wire with a distal end of said tubular 
stocking being effectively closed and 
attached to said guide wire; 

(b) foraing an opening in a blood vessel in a 
location proximal of a stenotic portion 
thereof and inserting said guide wire into 
said blood vessel through said opening, 
with said tubular stocking in a furled 
configuration ; 

(c) extending said filter device into said 
blood vessel until said stocking has 
passed through and a predetermined 
distance beyond a stenotic portion of said 
blood vessel; 

(d) thereafter unfurling said stocking so as 
to deploy said stocking across the 
interior of said blood vessel; 

(e) thereafter enlarging the lumen of said 
blood vessel by - freeing pieces of material 
from the stenotic portion of the blood 
vessel ; and 

(f ) entrapping within said stocking said 
pieces of material thus freed from said 
stenotic portion. 

35. A method of relieving a stenosis in a 
blood vessel , comprising: 

(a) providing an endovascular filter device, 
including a slender flexible elongate 
support member having a proximal end and a 
distal end adapted for insertion into and 
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C<5) 


(e) 


along the interior of a blood vessel and a 
flexible tubular porous stocking 
surrounding a portion of said elongate 
support aeaber, the stocking having a 
mouth directed generally toward said 
distal end of said elongate aeaber, as 
veil as a closed end surrounding said 
elongate aeaber and located acre 
Proxinaliv along said elongate aeaber than 
the location of said aouth, and aeans fo T 

3 9 tUbUlar StOC *-S 1** said 

mouth open to receive a fi ow of blood; 

» foraong an opening in a blood vessel in a 
location downstreaa of a s t enot i c portion 
thereof by reference to the 
blood, and inserting said flexible 
elongate support aeaber into said blood 
vessel through said opening, with said 
sacking xn a furled configuration; 
■ said filter device into said 

blood vessel until said stocking has 
approached to -within a predeterained 
distance froa said stenotic portion on a 
downstreaa side of sais 
of said blood vessel St6n0tlC 
thereaf ter unfurling said stocking so as 
to deploy said stocking within said blood 
vessel with said aouth of said stockLT 
substantially in inti» a - e ! Peking 
, . . y in lnt iaiaue contact with the 

interior of said blood vessel; 
thereafter enlarging the luaen of said 
blood vessel by f reeing pieces 

froa said stenotic portion thereof; an" 
entrapping" within said stocking said 

Pieces of-aaterm thus freed froa said 

stenotic portion. 
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36. The method of claim 35 , including the 
further steps of closing said stocking so as to retain 
said pieces of material within said stocking and 
thereafter withdrawing said filter device from said blood 
vessel with said material retained within said stocking. 

37. The method of claim 36 including drawing 
the mouth of said stocking tightly closed as a part of 
said step of closing said stocking. 

38. The method of claim 35 including the step 
of reducing the diameter of said stocking to a reduced 
diameter by twisting said stocking about said flexible 
elongate support member prior to removing said filter 
device from said blood vessel. 

39. The method of claim 35, said tubular 
porous stocking having an interior and including a 
plurality of flexible filter elements attached to said 
elongate support member and spaced apart from one another 
therealong within said flexible tubular porous stocking, 
each of said filter elements being interconnected with 
the interior of said tubular porous stocking. 
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